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AIM: Does feedback on step counts from a pedometer encourage participants to 25 
increase walking?   26 
 27 
METHODS: Randomly recruited older adults (n=105) were asked to wear a pedometer 28 
for 2-weeks.  Half the participants were asked to monitor and record daily step counts 29 
during week one (feedback), then seal the pedometer shut during week two (no-30 
feedback). Half completed the study in reverse order.  Self-reported walking was 31 
assessed via telephone interviews. 32 
 33 
RESULTS: Significantly more steps were recorded per day (approximately 400 steps per 34 
day) when participants (n=103, 63% women; mean BMI 25±4) monitored their daily step 35 
count (t (102) = -2.30, p=0.02) compared to the no-feedback condition. There was no 36 
statistically significant difference in self-reported walking (p=0.31) between feedback 37 
conditions. 38 
 39 
CONCLUSION: The difference in daily step counts observed between conditions, whilst 40 
statistically significant, may not be considered clinically significant. Further, the non-41 
significant difference in self-reported walking between conditions suggests that feedback 42 
on daily step counts from a pedometer does not encourage participants to increase their 43 
walking.    44 





The accurate measurement of physical activity has long presented a challenge to 46 
researchers and practitioners.  Self-report measures of physical activity have been the 47 
instrument of choice for both population monitoring and intervention evaluation.1  Self-48 
report measures can suffer from social desirability and recall biases, but perhaps their 49 
greatest limitation is their inability to accurately assess unstructured and incidental 50 
ambulatory physical activity.  51 
Ironically, unstructured lifestyle-related activities are now routinely promoted to 52 
the public as they are encouraged to accumulate 30-minutes of moderate-intensity 53 
physical activity on most days of the week. 2,3 Thus, the accurate assessment of these 54 
types of unstructured activities is very important.4 The failure of self-report measures to 55 
accurately account for unstructured incidental activity has lead to the use of objective 56 
measures of physical activity such as the pedometer.  57 
The pedometer is gaining credibility as an accurate measure of ambulatory 58 
physical activity because it can provide a direct measure of incidental and unstructured 59 
physical activity. 4-8 Using the pedometer as a measure of physical activity has many 60 
other advantages.  They have been shown to be a reliable measure of physical activity,6-61 
8 are sensitive to change,8 and unlike self-report measures, can detect subtle changes in 62 
an individual’s incidental physical activity.5,8,9  Pedometer data can also be accurately 63 
compared between studies. 7 64 
 Some researchers and practitioners are also using the pedometer to facilitate 65 
behavior change.9,10,11-14 Pedometers can help individual’s to increase their physical 66 
activity level by providing immediate feedback and acting as a constant reminder to be 67 
active.10 Additionally, pedometers can help individuals to set concrete goals.10   68 




 Much research has been published on the role of the pedometer as both a 69 
measure and motivator for physical activity.  In a simple search of the Medline advanced 70 
database (1996-2005) using search terms 'pedometer' and 'measurement' 22 papers 71 
were identified.  Twenty-one papers were identified when the search term 'intervention' 72 
was substituted for 'measurement'.  Interestingly some studies that used the pedometer 73 
as an intervention strategy also used the step count data as an outcome measure.11-14   74 
While some researchers attempted to 'blind' their participants' to pedometer 75 
feedback by sealing the pedometer shut during the measurement period,11,13,14 there are 76 
two potential measurement biases that may confound the results: 1. social desirability 77 
bias, and 2. reactivity bias.  If participant behaviour changes as a result of monitoring 78 
step counts, then the pedometers usefulness as an accurate measure of physical 79 
activity is compromised.  80 
Four studies have evaluated pedometer reactivity bias.  Two studies were 81 
conducted with children,15-16 and two with adults. 17,18  Both studies with children 82 
reported no reactivity bias following either 8-day15  or 4-day16  blinded monitoring 83 
periods.  Using adult volunteers Matevey et al.17 and Eastep et al.18 both concluded that 84 
pedometer feedback did not influence their participants’ activity levels.  However, 85 
Matevey et al. had instructed their participants ‘to maintain their usual activity levels 86 
during each monitoring period’ (p8).17  This instruction may have been sufficient to 87 
attenuate their participants potential reactivity to self-monitoring.  Further research in this 88 
area is warranted to overcome this limitation and to explore potential reactivity in other 89 
populations and settings.  90 
The aim of this study was to determine whether feedback on daily step counts 91 
from a pedometer would encourage older Australian adults (aged 50-75 years) to 92 




increase their walking.  Thus, answer the question ‘should all steps count when using a 93 
pedometer as a measure of physical activity in older adults’?  Based on the findings of 94 
previous research which suggested that reactivity may account for about 420 steps per 95 
day increase in physical activity,17  the clinical significance of any change in physical 96 
activity observed in this study will also be considered. The hypothesis under 97 
investigation was that there would be no difference in step counts recorded when 98 
participants were asked to monitor and record their daily step count, compared to not 99 
monitoring and recording daily step counts. 100 
 101 
Method 102 
A randomized crossover study design was used to assess whether the feedback from a 103 
pedometer significantly changes a participant's step count over a 1-week period.  The 104 
study protocol was approved by the University Human Research Ethics Committee.  105 
All participants consented to wearing a pedometer for 2-weeks.  During one of the 106 
2-weeks participants were asked to wear a pedometer and record steps taken on a daily 107 
basis (‘feedback’ condition), thus participants were able to review their step count 108 
whenever they wanted.  During the second week of the trial the pedometer was sealed 109 
(with a cable tie), so that participants were blinded to the pedometers feedback (‘no-110 
feedback’ condition).  Step counts under the ‘no-feedback’ condition were recorded by 111 
the participant on the last day of the week.  To control for a potential ordering effect, 112 
participants were stratified by age and gender, then randomly allocated via a computer 113 
generated randomization sequence in blocks of ten into one of two groups; 1. complete 114 
the trial in the order described above, or 2. complete the trial in the reverse order (‘no-115 
feedback’ week 1 and ‘feedback’ week 2).   116 






Potential participants (n=199), aged over 50 years, were randomly selected from a 119 
registry of research volunteers and sent an invitation to participate in this study.  Of 120 
these people 108 (56%) returned the informed consent form and agreed to participate 121 
(n=57 were randomly assigned study group 1, and n=51 were assigned to group 2).  122 
One-hundred and five of those who gave written informed consent were contacted by 123 
telephone to confirm participation and complete the baseline assessment.  124 
 125 
Measures and Procedures 126 
Data were collected by trained telephone interviewers on three separate occasions.  127 
During the baseline telephone interview, data on standard demographic variables (age, 128 
sex, height, weight, education, marital status, and employment status) were collected 129 
along with physical activity data.  Physical activity was assessed using the Active 130 
Australia Questionnaire (AAQ).19,20  The AAQ includes eight questions to assess the 131 
frequency and duration of walking (for transport and recreation), vigorous 132 
gardening/chores, and moderate- and vigorous-intensity leisure time physical activities 133 
done in the past week. 19,20  The AAQ shows good reliability (Intraclass correlation 0.59 134 
(0.52-0.65)) 21 and validity against a CSA accelerometer (Spearmans Rho range 0.28 – 135 
0.33).22  136 
 Following baseline assessment, participants were mailed a physical activity 137 
logbook and a Yamax (SW-700) pedometer.  The Yamax pedometer has been 138 
repeatedly shown to be one of the most accurate and reliable pedometers for research 139 
purposes.5-8  Participants were asked to record their daily or weekly step count in the 140 




logbook depending on which phase of the study they were in.  The logbooks included 141 
detailed instructions on how to wear the pedometer, to ensure consistent pedometer 142 
placement between groups, and had space to record daily or weekly step counts. The 143 
participants were not aware of the aim of the study, and unlike the study by Matevey et 144 
al.17 they were not given any advice on how much physical activity they should or 145 
shouldn’t do during the study period.  146 
 Each participant was contacted at the end of the first week via telephone to re-147 
administer the AAQ.  They were also asked to either seal or unseal the pedometer for 148 
the following week.  Participants were telephoned again at the end of the second week 149 
to complete the AAQ questionnaire one more time, record weekly step counts and 150 
reminded to return the pedometers in reply paid envelopes supplied.  151 
 152 
Data Analysis 153 
Data were entered into an Excel database and analyzed using the SPSS v11.  154 
Differences between participants randomized to each study condition were assessed by 155 
comparing socio-demographic variables and baseline self-reported physical activity 156 
(AAQ data) using Chi Square statistics and unpaired t-tests where appropriate.  Body 157 
Mass Index (BMI: weight in kg/height in m2) was calculated from self reported height and 158 
weight.  159 
 Consistent with recommendations for analyzing the AAQ, only the data from the 160 
walking, moderate- and vigorous-intensity (weighted by 2) physical activity questions 161 
were used to estimate total time spent in physical activity in the past week. 19,21  Total 162 
physical activity data were then categorized according to whether the participants 163 
reported activity was ‘sufficient’ based on current national physical activity 164 




recommendations (ie., 150-min on most days of the week).3,19-22  Data from the AAQ 165 
walking items were analyzed separately, to more closely approximate data collected by 166 
the pedometer. Differences between physical activity data between the two study 167 
conditions were assessed using paired t-tests.   168 
 To determine if participants step counts were influenced by pedometer feedback 169 
a four step data analysis plan was followed.  First the weekly step data were described 170 
using descriptive statistics and box plots.  Second to determine if there was an ordering 171 
effect a two sample t-test was conducted on the difference scores (‘no feedback’ step 172 
count minus ‘feedback’ step count). If there was no statistically significant order effect 173 
then the data from the two groups could be merged to conduct the final analyses.  The 174 
final analysis which aimed to test the main hypothesis was a one sample t-test 175 
conducted on the difference scores between the two study conditions.  If there was an 176 
ordering effect in the second step then only the data from the first week should be 177 
compared.   178 
As previous research has demonstrated a gender differences in pedometer 179 
measured physical activity,4 separate analyses were conducted to examine of there was 180 
a differential effect of pedometer feedback between genders.  Further, because 181 
participants categorized as ‘inactive’ at baseline may have more opportunity and 182 
motivation to react to physical activity monitoring, the data were also stratified by activity 183 
status at baseline and compared across study conditions.  Alpha was set at .05 for 184 
statistical significance. 185 
 186 
Results 187 




Ninety-eight percent of participants (n=103) completed the study (n=56 from study group 188 
1 (‘no feedback’ week 1) and n=47 from study group 2 (‘no feedback’ week 2)).  The two 189 
groups were uneven due to randomization occurring There were no significant 190 
differences between the two groups of participants in terms of baseline self-reported 191 
physical activity (AAQ data) or socio-demographic variables (see Table 1).  Further, 192 
there was no significant difference in the average amount of time participants wore the 193 
pedometer per day (see Table 2).   194 
Insert Table 1 and Table 2 about here 195 
 196 
 Descriptive analyses of the pedometer data suggested that there were no 197 
differences between mean weekly step counts within groups or between conditions (see 198 
Figure 1).  Box plots revealed one extreme outlier in group 2, however, it was not 199 
excluded from the analysis.   200 
Insert Figure 1 about here 201 
  202 
 A two sample t-test revealed no statistically significant ordering effect between the 203 
difference scores (‘no feedback’ step count minus ‘feedback’ step count) of the two 204 
groups (t= 0.18 (101); p=0.86).  The one-sample test conducted on the merged data set 205 
revealed a statistically significant treatment effect (see Table 2).  The mean difference in 206 
weekly step counts between the ‘no-feedback’ condition and the ‘feedback’ condition 207 
was -2856 (95% Confidence Interval (CI) = -5321 to -391) steps/wk.  This equates to 208 
participants recording -408 (95% CI = -760 to -56) fewer steps/d when they were not 209 
able to monitor their accumulating step count.   210 




 Based on the data from the AAQ, there was no statistically significant differences 211 
between self-reported walking (min/wk: t= -1.00(102); p=0.31) or overall physical activity 212 
(min/wk: t= -0.77(102); p=0.45) between the two treatment conditions (see Table 2).  213 
 214 
Secondary analyses 215 
For women the two sample t-test revealed no statistically significant ordering effect 216 
between the difference scores (‘no-feedback’ minus ‘feedback’ step counts (t= .49 (63); 217 
p=0.62).  The one sample t-test conducted on the merged data set revealed a 218 
statistically significant treatment effect (t= -2.3 (64); p=0.03).  The mean difference in 219 
weekly step counts between the ‘no-feedback’ and ‘feedback’ conditions was -3126 220 
(95% CI = -5874 to -378) steps/wk.  This equates to the women taking around 447 (95% 221 
CI = -839 to -54) extra steps/d when they were able to monitor, or have ‘feedback’ on 222 
their accumulating step count. Again, however, there were no statistically significant 223 
differences in the women's self-reported AAQ data between weeks.  224 
 For the men the two sample t-test reveled no statistically significant ordering effect 225 
between the difference scores (‘no-feedback’ minus ‘feedback’ step counts: t= -.22 (36); 226 
p=0.83).  The one sample t-test conducted on the merged data revealed no statistically 227 
significant treatment effect (t= -.98 (37); p=0.33).  The mean difference in weekly step 228 
counts between ‘no-feedback’ and ‘feedback conditions was -2392 (95%CI = -7328 to 229 
2542) steps/wk.  There were no statistically significant differences in the men's self-230 
reported AAQ data between weeks. 231 
 In terms of activity status at baseline, there were no statistically significant 232 
differences in terms of reactivity among those participants classified as ‘sufficiently 233 
active’ or ‘inactive’ at baseline.  For example, the mean difference in time spent walking 234 




(measured by AAQ) between the ‘no-feedback’ and ‘feedback conditions among the 235 
inactive participants at baseline was -30 (95%CI = -75.5 to 15.4) min/wk (t= -1.35 (32); 236 
p=0.19).  While the mean difference in pedometer step counts between conditions 237 
among inactive participants at baseline was -1978 (95%CI = -6420 to 2465) steps/wk (t= 238 
-0.91 (32); p=0.37). 239 
 240 
Discussion 241 
This randomized cross-over study compared the step counts and self-reported walking 242 
of older adults under two study conditions, either wearing a sealed pedometer which 243 
eliminated feedback on accumulating step counts or an unsealed pedometer that 244 
allowed feedback.  Contrary to the hypothesis, there was a statistically significant 245 
difference in the number of steps recorded between the two study conditions.  On 246 
average participants recorded 2859 more steps per week when they were able to 247 
monitor (have feedback) their accumulating daily step count compared to the week they 248 
received ‘no feedback’ from the pedometer. However, this is the equivalent of only 400 249 
steps per day, and since 400 steps is estimated to be the equivalent of about 5-min 250 
walking, 6,9,23 the clinical significance of this finding is questionable.   251 
Even though 5-min bouts of moderate-intensity physical activity have been shown 252 
to significantly increase aerobic fitness, the 5-min bout is only relevant when the bouts 253 
add up to at least 30-min per day.24 Since the participants in this study were only 254 
accumulating the equivalent of an extra 5-min activity per day the findings of this study 255 
cannot be considered clinically significant. The 400 step difference observed in this 256 
study is just under a 5% increase in the participants average daily step counts (i.e., 8400 257 
to 8800 steps/d) and is similar to the difference observed in the study by Matevey et al.17   258 




Hatano (1997) reported that an acceptable level of within instrument error for the 259 
Yamax pedometer was around 3%.25  Schneider and colleagues (2004) suggested an 260 
even higher level of error (up to 10%) is acceptable in free living conditions. 7  Thus, the 261 
average increase in step count observed in this study between conditions was within the 262 
limits of acceptable measurement error and may not be a result of measurement bias.  263 
If measurement bias is non-differential, then it is of little or no concern. In this 264 
study, the significance of the difference between ‘no-feedback’ and ‘feedback’ step 265 
counts was different for men and women.  The women in this study accumulated 266 
significantly more steps per week when they were able to monitor their step count under 267 
the ‘feedback’ condition compared to the ‘no-feedback’ condition, but the men did not.  268 
Other research has also shown that women record more steps per day  compared to 269 
men,5,26 and that they are also more likely to adopt the pedometer as a motivational tool 270 
to increase their physical activity (OR=1.52 95%CI: 1.10,2.12). 27  Again although the 271 
difference in steps counts for women recorded in this study may not be considered 272 
clinically significant, further investigation of the distinction between genders in terms of 273 
physical activity measurement and motivation is warranted.   274 
It has been reported in the literature that pedometers underestimate the step 275 
counts at slow speeds. 8,28  As the participants in this study were older adults it is 276 
possible that some participants did increase their incidental physical activity, but that it 277 
was not registered on the pedometer due to the slow pace.  However, this type of 278 
activity also would not normally be reported in self-report assessments either and is of 279 
little consequence to health or intervention.   280 
Caution should be exercised when interpreting the finding of this study.  It is 281 
virtually impossible to implement the perfect study design to answer the research 282 




question posed, as it is not possible to have a non-pedometer wearing control group and 283 
still get comparable physical activity data. However, the lack of effect on the self-report 284 
measures between the two groups included in this investigation suggests that a control 285 
group was not necessary.  Further, the non-significant difference in self-reported 286 
physical activity between study conditions supports the overall finding that daily 287 
monitoring of step counts using a pedometer does not significantly influence wearers to 288 
increase their physical activity. 289 
It is also important to note the subtle difference between participants being 290 
‘personally aware’ and being ‘instructed’ by researchers to either change or not change 291 
their behavior.  The aim of this study was to assess the impact wearing a pedometer on 292 
step counts and physical activity behavior.  The fact the participants in this study were 293 
not giving any specific instruction on what the purpose of this study was, or about how 294 
much physical activity they should or shouldn’t do whilst participating in the study means 295 
the participants they were ‘free’ to behave or react in whatever way they wanted.  Thus, 296 
this study is an important addition to the work of Matevey and colleagues who instructed 297 
their participant to not change their behavior.17 298 
A potential limitation of this study is that most participants were considered to be 299 
‘sufficiently active’ at baseline, thus less likely to ‘react’ to activity monitoring.  However, 300 
stratification and analysis of the data by activity status at baseline revealed no significant 301 
differences in terms of the self-reported AAQ data or the pedometer step counts over 302 
time or between conditions.   303 
This study also had a number of methodological strengths. First, the randomised 304 
cross-over study design enabled within and between participant variability between the 305 
two test conditions to be assessed.  Second, as most studies in this area have used 306 




reactively recruited volunteer participants with an apparent interest in physical activity, 307 
the high recruitment rate (56%) from a proactively recruited sample (not selected 308 
because of their interest in physical activity), and low participant drop-out rate enhance 309 
the generalizability of the findings.  Thirdly, this is the first study of its kind to include 310 
older adults (almost half the sample was aged over 65 years).  Finally, although a self-311 
report measure of physical activity was used to substantiate the overall conclusions, the 312 
AAQ has been shown to have acceptable measurement properties.19,20 313 
The findings of this study support previous research on participant reactivity to 314 
pedometer-based assessment of physical activity in children and middle-aged adults,15-315 
18 by demonstrating that feedback on daily step counts from a pedometer does not 316 
encourage older adults to substantially increase their physical activity.  Therefore, all 317 
steps should count when using a pedometer (and obligatory logbook) to assess physical 318 
activity in free living older adult populations.   319 
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Figure 1   Box plots created from weekly step counts recorded by the two study 403 
groups across the two treatment conditions (‘no-feedback’ vs. ‘feedback’).404 
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Table 1   Demographic characteristics of participants 405 
Variable 
Group 1 a  
n=56 
Group 2 b 
n=47 
 mean ± SD mean ± SD 
BMI (M±SD) 25±3 26±5 
 n (%) n (%) 
Gender (M) 20 (36%) 18 (38%) 
Age          50-64 yrs 29 (52%) 24 (51%) 
 65+ yrs 27 (48%) 23 (49%) 
Married (yes) 38 (68%) 29 (62%) 
Educated (Tertiary) 32 (57%) 23 (49%) 
Employed (Full- or Part-
time) 19 (34%) 20 (43%) 
Sufficient total physical 
activity (>150min over 5 
sessions)∑  
37 (66%) 33 (70%) 
 406 
Note. 407 
a  Participants not-blinded to pedometer feedback during week 1 and blinded week 2.  408 
b   Participants blinded to pedometer feedback during week 1 and not blinded week 2. 409 
∑   includes sum of time spent in walking, moderate-and vigorous intensity physical 410 
activity in past week 411 




Table 2   Differences in pedometer step counts and self reported physical activity 412 
between ‘no-feedback’ and ‘feedback’ conditions (n=103) 413 
Variable ‘No-feedback’ from pedometer  
‘Feedback’     
from pedometer  
 mean ± SD mean ± SD 
Time wearing pedometer (hrs/d) 14.4 ± 1.5 14.1 ± 1.7 
Pedometer steps/wk 58,517 ± 23,056 61,373 ± 25,932* 
Self-reported Walking (min/wk) 187 ± 192 201 ± 176 
Self reported Total physical activity 
(min/wk)∑ 329 ± 305 347 ± 301 
 414 
Note. 415 
∑  includes sum of time spent in walking, moderate-intensity and weighted vigorous-416 
intensity (x2) physical activity in past week 417 
*  Statistically significant difference between conditions (t= -2.30 (102); p=0.02).   418 
